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, $W(t)$ Wiener . Wiener 3
Gauss
(i) $P(W(0)=0)=1$
(ii) $E(W(t))=0$ all $t\in[0, \infty$ )







$\Delta W_{k}=W(t_{k+1})-W(t_{k})$ $h= \max(t_{k+1}-t_{k})$ 2 (mean-
square)
(1) $X(t)$ $X(t, \omega)(\omega\in\Omega)$ $t$
$X(t, \cdot)$ \omega $X(\cdot, \omega)$
$X(t)$ (sample path, trajectory)





strong, weak, pathwise 3 strong
Euler-Maruyama
Euler-Maruyama scheme
$\overline{X}_{n+1}$ $=$ $\overline{X}_{n}+f(\overline{X}_{n})\Delta t_{n}+g(\overline{X}_{n})\Delta W_{n}$
$\triangle W_{n}$ $=$ $U_{n}h^{\iota}$
$\triangle t_{n}$ $h$ $\triangle U_{n}$
(i)
$U_{n}\in N(0,1)$
(ii) twepoint d.r. $v.$ ($distiributed$ random variable)
$P(U_{n}= \pm 1)=\frac{1}{2}$
(iii) three-point d.r. $v$ .
$P(U_{n}=\pm\sqrt{3})$ $=$ $\frac{1}{6}$
$P(U_{n}=0)$ $=$ $\frac{2}{3}$




























(4) $\lambda$ $-2<\lambda h<0$ $h$
Euler
$\lambda h$ $|R(\lambda h)|<1$ $\lambda h$
$(\alpha, \beta)$ $\lambda h\in(\alpha, \beta)$
1
$\{\begin{array}{l}dx(t)=-100xdtx(0)=1,t\in[0,T]\end{array}$
$h=0.015(\lambda h=-1.5)$ $h=0.025(\lambda h=-2.5)$










$||X(t)||arrow 0$ $(tarrow\infty)$ if $2\lambda+\mu^{2}<0$
$||\overline{X}_{n}||arrow 0$ $(narrow\infty)$
$MS$-
(5) 1 $\overline{X}_{n}$ 2
$\overline{Y}_{n+1}=R(\overline{h}, k)\overline{Y}_{n}$
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$R( \overline{h}, k)=\frac{1-k\overline{h}}{(1-\overline{h})^{2}}$ (9)
MS- Fig. 5 Fig. 6
2
$\{\begin{array}{l}dX(t)=-100Xdt+10XdW(t)X(0)=1,t\in[0,T]\end{array}$
(i) $h=0.005$ (i.e. $(\overline{h},$ $k)=(-0.5,1)$ ) $(\ddot{u})h=0.01$ (i.e. $(\overline{h},$ $k)=(-1,1)$ )





$7a,$ $7b$ Fig. $8a,$ $8b$
3.3 T-
MS-




$|X(t)|arrow 0$ $(tarrow\infty)$ if $\lambda-\frac{1}{2}\mu^{2}<0$
$T$-
1 driving process (10) ,
,
$|\overline{X}_{n}|arrow 0$ $(narrow\infty)$






$\overline{X}_{n+1}$ $=$ $(1+\lambda h+\mu\Delta W_{n})\overline{X}_{n}$
:
$=$ $\prod_{=0}^{n}(1+\lambda h+\mu\Delta W_{i})\overline{X}_{0}$
$\overline{X}_{n+1}=R(h;\lambda,\mu)\overline{X}_{n}$
$R(h;\lambda, \mu)$ (averaged stability function)
T-
$\overline{X}_{n}arrow 0(narrow\infty)$ $\Leftrightarrow$ $|R(h;\lambda, \mu)|<1$
MS- T-
$R=\{(h;\lambda, \mu);|R(h;\lambda, \mu)|<1\}$
two-point d.r. $v$ . driving process
$R$







$R^{2}(\overline{h}, k)=(1+\overline{h})^{2}-k\overline{h}$ , $k= \frac{\mu^{2}}{\lambda}$ , $\overline{h}=\lambda h$
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$h=0.25,1.8$ $(\overline{h}, k)=(-0.5, -2),$ $(-3.6, -2)$





(1), (2) (3) (1) Fig. $10a,$ $10b,$ $10c,$ (2) Fig. lla, llb, llc,




2 driving process Wiener
[1] T.C. Gard, Introduction to Stochastic Differential Equations, Marcel Dekker, New
York, 1988.
[2] J. R. Klauder and W. P. Petersen, Numerical integration of multiplicative-noise
stochastic differential equations, SIAM J. Numer. Anal. 22(1985), 1153-1166.
[3] P.E. Kloeden and E. Platen, A survey of numerical methods for stochastic differential
equations, J. Stoch. Hydrol. Hydraulics, 3(1989), 155-178.
132
[4] P.E. Kloeden and E. Platen, Numerical Solution of Stochastic Differential Equations,
Springer, Berlin, 1992.
[5] , , , , 1985.
[6] , , , , 2(1992),
1-16.
[7] Y. Saito and T. Mitsui, Stability analysis of numerical schemes for stochastic differ-
ential equations, submitted.
[8] Y.Saito and T. Mitsui, T-stability of numerical scheme for stochastic differential
equations, in World Scientific Series in Applicable Analysis, vol. 2 “Contributions in
Numerical Mathematics” (ed. by R.P.Agarwal), 1993, pp333-344.














































Fig. $8a$ Fig. $8b$
$k$
Fig. $9a$ $Fjg$ . $9b$
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TEST2 $(h=0.25)$ TEST2 $(h=1.8)$
Fig. lla Fig. llb
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TEST2 $(h=0.5)$ TEST2 $(h=2.0)$
Fig. llc Fig. lld




Fig. 1 $2a$ Fig. 1 $2b$
